In this investigation the phytochemical study of chlorophyll derivatives from leaf extract of Petrorhagia velutina, a eurimediterranean plant species typical of macchia vegetation is reported. A new pheophorbide, as well as nine other chlorophyll derivatives were isolated and their structures determined predominantly based on 1D and 2D NMR methods. The phytotoxicity against Raphanus sativus L. was evaluated. A significant photoinduced phytotoxicity was evident for both germination and root elongation.
To ensure the survival in the ecosystem, plants may produce bioactive secondary metabolites. If these compounds, introduced in the environment, interfere with the development of other plant organisms, they are known as allelochemicals. Many allelochemicals originate from primary metabolites such as sugars, amino acids, etc. In this way plants modify a preexistent molecular skeleton producing bioactive derivatives, with a consequent advantage in terms of bio-energetic expenses.
In the search for bioactive natural products from Mediterranean spontaneous plants and weeds, many phytotoxic compounds have been isolated and characterized [1] [2] [3] [4] . In the present study on leaves of P. velutina, a new pheophorbide, in addition to nine other chlorophyll derivatives were isolated (Figure 1 ). Their structures were determined based predominantly on 1D and 2D NMR methods. Phytotoxicity against Raphanus sativus L. was evaluated. To the best of our knowledge, this is the first report on chlorophyll derivatives from Cariophyllaceae.
The NMR data of the new pheophorbide 5 (Table 1) is in good accordance with the molecular formula C 36 H 34 N 4 O 6 . In fact, in the 13 region of 1 H NMR spectrum four singlets were evident at δ 11.09, 10.31, 9.56, and 8.54. The correlation of the first signal, in the HSQC, with the carbonyl at δ 187.7, indicated the presence of a formyl group at the C-7 carbon, while the correlations, in the same experiment, with the carbons at δ 101.5, 106.9 and 93.4, NPC Natural Product Communications 2010 Vol. 5 No. 1 99 -102 Table 1 : NMR data of 5 in CDCl 3; δ in ppm. dd = doublet of doublet; dq = doublet of quartet; m = multiplet; q = quartet; s = singlet; t = triplet. The J values in Hz are reported in the brackets. respectively, suggested positioning at C-5, C-10 and C-20. In the 1 H NMR spectrum, a vinyl as three doublet of doublets at δ 7.96, 6.35 and 6.22, an ethyl as a triplet at δ 1.80 and a quartet at δ 3.97, a methyl doublet at δ 1.83 and two methyl singlets at δ 3.65 and 3.36 were also evident, as well as three methines at δ 4.45, 4.20 and 6.23 and two methylenes ranging from 2.64 and 2.32 ppm. Furthermore, a second ethyl residue was detectable as a triplet and a quartet at δ 1.00 and 4.31, respectively. The latter in the HMBC experiment, showed correlation with the carboxyl group at δ 169.2, which was in turn correlated with the H-13 2 singlet proton at δ 6.23. These data indicated the presence of ethyl alcohol esterified at the 13 3 carbon. A HMBC experiment (Table 1) confirmed the above assignments for 5.
To evaluate possible phytotoxic properties [5] and investigate potential photoinduced phytotoxicity, the compounds, with the exception of 7-8, were tested on the test species Raphanus sativus at 10 -4 M concentration in darkness and in the light. Each metabolite, dissolved in MES buffer containing 5% DMSO, was tested on 100 seeds in Petri dishes at 25°C in two different experiments: in darkness and in light at 300 μE par. The results, collected by the Fitomed © system [6] , have been expressed as percent from control and reported in figure 2. All the samples showed a slight inhibitory effect on germination, that was marked in the experiment carried out in the light. Photoinduced phytotoxicity was more evident on root elongation. In fact, compound 9 and 10 showed about 50% inhibition. On the contrary, compounds 4 and 6 slightly stimulated the root elongation in the light.
Significant levels of pheophytins have been detected in
Gossypium mustelinum Miers ex Watt. Pheophytin b 10, pheophorbide a 6 and 17 3 -ethoxypheophorbide a 4 have been reported from the aerial parts of this plant [7] . Pheophorbide a and b methyl esters 1 and 2 respectively have been isolated from Garruca pinnata Roxb. Leaves [8] . 10-hydroxymethyl pheophorbide a 7 and 10-hydroxypheophorbide a 8 were reported from Chlorella species spp cells [9] . Pheophytin a 9 was isolated from Phaseolus vulgaris L. [10] , while pheophorbide b 3 has been reported among the bioactive compounds from Cacalia hastata L. leaves [11] .
Pheophorbide related compounds have been reported as photo-cytotoxic agents [12] , inhibitors of hepatoma tissue culture cell line following light irradiation [13] . Furthermore, pheophytins have been investigated as anti-herpes simplex agents [14] and antioxidants [15] . Finally, naturally occurring chlorophyll derivatives have been found to inhibit aflatoxin B 1 -DNA adduct formation in hepatoma cells [16] . Bioassay: Seeds of Raphanus sativus L. cv radicicula collected during 2009, were obtained from Agrisementi Lebbioli s.r.l. All undersized or damaged seeds were discarded and the assay seeds were selected for uniformity. Bioassays used Petri dishes (90 mm diameter) with one sheet of Whatman N° 1 filter paper as support. In ten replicate experiments, germination and growth were conducted in aqueous solutions at controlled pH. Test solutions (10 -4 M) were prepared using (2-[N-morpholino]ethanesulfonic acid (MES; 10 mm, pH 6). Parallel controls were performed. After adding 10 seeds and 2.0 ml test solutions, Petri dishes were sealed with Parafilm ® to ensure closed-system models.
Experimental
Seeds were placed in a growth chamber KBW Binder 240 at 25°C in the dark. The same experiment has been carried out in the light at 300 μE par. Germination percentage was determined daily for four days (no more germination occurred after this time). After growth, the plants were frozen at -20°C to avoid subsequent growth until the measurement process. Data collected by the Fitomed © system, an automated system for the measurement of variable lengths, are reported in figure 2 as percentage differences from control. Thus, zero represents the control; positive values represent the stimulation of the parameter studied and negative values represent inhibition.
Data analysis:
The statistical significance of differences between groups was determined by a Student's t-test, so calculating mean values for every parameter (germination average and root elongation) and their population variance within a Petri dish. The level of significance was set at P<0.05; (a) P<0.01; (b) 0.01<P<0.05.
